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Abstract
In this article, we study the two-body strong decays of the bottom mesons with the heavy
meson effective theory in the leading order approximation, and obtain all the analytical ex-
pressions of the decay widths of the light pseudoscalar meson transitions among the S-wave,
P-wave and D-wave bottom mesons. As an application, we tentatively assign the bottom me-
son B(5970) as the 2S 1−, 1D 1− and 1D 3− states, respectively, and calculate the decay widths
of the B1(5721), B2(5747), Bs1(5830), Bs2(5840) and B(5970), which can be confronted with
the experimental data in the future.
PACS numbers: 13.25.Hw; 14.40.Nd
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1 Introduction
The orbitally excited B-mesons B∗J (5732) or B
∗∗ were firstly observed by the DELPHI, OPAL
and ALEPH collaborations in electron-positron collisions at the Large Electron-Positron Collider
(LEP) [1]. In 2007, the D0 collaboration firstly observed the B1(5721)
0 and B2(5747)
0, and
measured the masses MB1 = (5720.6 ± 2.4 ± 1.4)MeV and MB∗2 = (5746.8 ± 2.4 ± 1.7)MeV
[2]. Later, the CDF collaboration confirmed the B1(5721)
0 and B2(5747)
0, and measured the
masses MB1 =
(
5725.3+1.6−2.2
+1.4
−1.5
)
MeV, MB∗2 =
(
5740.2+1.7−1.8
+0.9
−0.8
)
MeV, and obtained the width
ΓB∗2 =
(
22.7+3.8−3.2
+3.2
−10.2
)
MeV for the first time [3]. Also in 2007, the CDF collaboration observed
the Bs1(5830) and B
∗
s2(5840), and measured the masses MBs1 = (5829.4± 0.7)MeV and MB∗s2 =
(5839.6 ± 0.7)MeV [4]. The D0 collaboration confirmed the B∗s2(5840) and obtained the mass
MB∗s2 = (5839.6 ± 1.1 ± 0.7)MeV [5]. In 2012, the LHCb collaboration updated the masses
MBs1 = (5828.40± 0.04± 0.04± 0.41)MeV and MB∗s2 = (5839.99± 0.05± 0.11± 0.17)MeV [6].
Recently, the CDF collaboration reported the first evidence for a new resonance B(5970) in
the B+π− and B0π+ mass distributions with a significance of 4.4σ, and measured the masses
MB(5970)0 = (5978± 5 ± 12)MeV, MB(5970)+ = (5961± 5 ± 12)MeV, and the widths ΓB(5970)0 =
(70± 18± 31)MeV, ΓB(5970)+ = (60± 20± 40)MeV [7].
There have been several approaches to calculate the masses of the established bottom mesons
B1(5721), B2(5747), Bs1(5830), Bs2(5840), such as the heavy quark effective theory [8], lattice
QCD [9], potential models [10, 11, 12], heavy quark symmetry [13], heavy meson chiral theory [14],
QCD string model [15], etc. The theoretical values vary in the range Mexp± (50− 100)MeV [8, 9,
10, 11, 12, 13, 14, 15]. Although the mass is a fundamental parameter in describing a hadron, the
mass alone cannot validate the assignment. For example, now the doublet (D∗s0(2317), Ds1(2460))
is widely accepted to be the 1P (0+, 1+) 1
2
doublet, however, the masses of the D∗s0(2317) and
Ds1(2460) lie below the predictions of the potential models about (100− 150)MeV [16].
In Table 1, we present the predictions from two typical potential models compared to the
experimental data [11, 12, 17]. The CDF collaboration observed the B(5970) in the strong decays
B(5970) → B+π−, B0π+ [7], the possible quantum numbers are JP = 0+, 1−, 2+, 3−, 4+, 5−,
· · · . We can assign the B(5970) as the 2S 1−, 1D 1− and 1D3− states tentatively according to the
masses, see Table 1. In Ref.[18], Y.Sun et al take the B(5970) as the 2S 1− state, and calculate
the strong decays of the bottom mesons with the 3P0 model.
In Refs.[19, 20], we study the strong decays of the charmed mesons D(2550), D(2600), D(2750),
D(2760), DJ(2580), D
∗
J(2650), DJ(2740), D
∗
J(2760), DJ(3000), D
∗
J(3000) with the heavy meson
1E-mail:zgwang@aliyun.com.
1
n L sℓ J
P bq¯ [11] bq¯ [12] [17] bs¯ [11] bs¯ [12] [17]
1 S 12 0
− 5280 5279 5279.55± 0.26 5372 5373 5366.7± 0.4
1 S 12 1
− 5326 5324 5325.2± 0.4 5414 5421 5415.8± 1.5
2 S 12 0
− 5890 5886 – 5976 5985 –
2 S 12 1
− 5906 5920 ?5970 5992 6019 –
3 S 12 0
− 6379 6320 – 6467 6421 –
3 S 12 1
− 6387 6347 – 6475 6449 –
1 P 12 0
+ 5749 5706 – 5833 5804 –
1 P 12 1
+ 5774 5742 – 5865 5842 –
1 P 32 1
+ 5723 5700 5723.5± 2.0 5831 5805 5828.7± 0.4
1 P 32 2
+ 5741 5714 5743± 5 5842 5820 5839.96± 0.20
2 P 12 0
+ 6221 6163 – 6318 6264 –
2 P 12 1
+ 6281 6194 – 6345 6296 –
2 P 32 1
+ 6209 6175 – 6321 6278 –
2 P 32 2
+ 6260 6188 – 6359 6292 –
1 D 32 1
− 6119 6025 ?5970 6209 6127 –
1 D 32 2
− 6121 6037 6218 6140 –
1 D 52 2
− 6103 5985 6189 6095 –
1 D 52 3
− 6091 5993 ?5970 6191 6103 –
Table 1: The masses of the bottom mesons from two typical potential models compared to the
experimental data.
effective theory in the leading order approximation, and calculate the decay widths and the ratios
among the decay widths. The ratios can be compared to the experimental data in the future
to distinguish the different assignments. The heavy meson effective theory have been applied to
identify the charmed mesons [19, 20, 21, 22, 23, 24, 25], and to calculate the radiative, vector-meson,
two-pion decays of the heavy quarkonium states [26].
In this work, we study the two-body strong decays of the bottom mesons with the heavy meson
effective theory in the leading order approximation, and obtain all the analytical expressions of
the decay widths among the S-wave, P-wave and D-wave bottom mesons, and calculate the decay
widths of the B1(5721), B2(5747), Bs1(5830), Bs2(5840) and B(5970), which can be compared to
the experimental data in the future.
The article is arranged as follows: we study the two-body strong decays of the bottom mesons
B1(5721), B2(5747), Bs1(5830), Bs2(5840) and B(5970) with the heavy meson effective theory in
Sect.2; in Sect.3, we present the numerical results and discussions; and Sect.4 is reserved for our
conclusions.
2 The strong decays with the heavy meson effective theory
In the heavy quark limit, the heavy-light mesons Qq¯ can be classified in doublets according to the
total angular momentum of the light antiquark ~sℓ, ~sℓ = ~sq¯ + ~L, where the ~sq¯ and ~L are the spin
and orbital angular momentum of the light antiquark, respectively [27]. The doublet (P, P ∗) have
the spin-parity JPsℓ = (0
−, 1−) 1
2
for L = 0 (S-wave); the two doublets (P ∗0 , P1) and (P1, P
∗
2 ) have
the spin-parity JPsℓ = (0
+, 1+) 1
2
and (1+, 2+) 3
2
respectively for L = 1 (P-wave); the two doublets
(P ∗1 , P2) and (P2, P
∗
3 ) have the spin-parity J
P
sℓ
= (1−, 2−) 3
2
and (2−, 3−) 5
2
respectively for L = 2
(D-wave). In the heavy meson effective theory, those doublets with the same radial quantum
2
numbers can be described by the effective super-fields Ha, Sa, Ta, Xa and Ya, respectively [28],
Ha =
1 + v/
2
{
P ∗aµγ
µ − Paγ5
}
,
Sa =
1 + v/
2
{Pµ1aγµγ5 − P
∗
0a} ,
T µa =
1 + v/
2
{
P ∗µν2a γν − P1aν
√
3
2
γ5
[
gµν −
γν(γµ − vµ)
3
]}
,
Xµa =
1 + v/
2
{
Pµν2a γ5γν − P
∗
1aν
√
3
2
[
gµν −
γν(γµ + vµ)
3
]}
,
Y µνa =
1 + v/
2
{
P ∗µνσ3a γσ − P
αβ
2a
√
5
3
γ5
[
gµαg
ν
β −
gνβγα(γ
µ − vµ)
5
−
gµαγβ(γ
ν − vν)
5
]}
, (1)
where the heavy meson fields P (∗) contain a factor
√
MP (∗) and have dimension of mass
3
2 . The
super-fields Ha contain the S-wave mesons (P, P
∗); Sa, Ta contain the P-wave mesons (P
∗
0 , P1),
(P1, P
∗
2 ) respectively; Xa, Ya contain the D-wave mesons (P
∗
1 , P2), (P2, P
∗
3 ) respectively.
The light pseudoscalar mesons are described by the fields ξ = e
iM
fπ , where
M =


√
1
2π
0 +
√
1
6η π
+ K+
π− −
√
1
2π
0 +
√
1
6η K
0
K− K¯0 −
√
2
3η

 ,
and fπ = 130MeV.
At the leading order approximation, the heavy meson chiral Lagrangians L0, LHH , LSH , LTH ,
LXH , LXS , LXT , LY H , LY S , LY T for the two-body strong decays to the light pseudoscalar mesons
can be written as:
L0 = iTr
{
H¯av · DabHb
}
+ iTr
{
S¯av · DabSb
}
+ iTr
{
T¯ µa v · DabTµb
}
+ iTr
{
X¯µa v · DabXµb
}
+iTr
{
Y¯ µνa v · DabYµνb
}
− δmSTr
{
S¯aSa
}
− δmTTr
{
T¯ µa Tµa
}
− δmXTr
{
X¯µaXµa
}
−δmY Tr
{
Y¯ µνa Yµνa
}
,
LHH = gHHTr
{
H¯aHbγµγ5A
µ
ba
}
,
LSH = gSHTr
{
H¯aSbγµγ5A
µ
ba
}
+ h.c. ,
LTH =
gTH
Λ
Tr
{
H¯aT
µ
b (iDµ 6A+ i 6DAµ)baγ5
}
+ h.c. ,
LXH =
gXH
Λ
Tr
{
H¯aX
µ
b (iDµ 6A+ i 6DAµ)baγ5
}
+ h.c. ,
LXS =
gXS
Λ
Tr
{
S¯aX
µ
b (iDµ 6A+ i 6DAµ)baγ5
}
+ h.c. ,
LXT =
1
Λ2
Tr
{
T¯ µaX
ν
b
[
kT1 {Dµ,Dν}Aλ + k
T
2 (DµDλAν +DνDλAµ)
]
ba
γλγ5
}
+ h.c. ,
LY H =
1
Λ2
Tr
{
H¯aY
µν
b
[
kH1 {Dµ,Dν}Aλ + k
H
2 (DµDλAν +DνDλAµ)
]
ba
γλγ5
}
+ h.c. ,
LY S =
1
Λ2
Tr
{
S¯aY
µν
b
[
kS1 {Dµ,Dν}Aλ + k
S
2 (DµDλAν +DνDλAµ)
]
ba
γλγ5
}
+ h.c. ,
LY T =
gY T
Λ
Tr
{
T¯aµX
µν
b (iDν 6A+ i 6DAν)baγ5
}
+ h.c. , (2)
3
where
Dµ = ∂µ + Vµ ,
Vµ =
1
2
(
ξ†∂µξ + ξ∂µξ
†
)
,
Aµ =
1
2
(
ξ†∂µξ − ξ∂µξ
†
)
,
{Dµ,Dν} = DµDν +DνDµ , (3)
δmS = mS − mH , δmT = mT − mH , δmX = mX − mH , δmY = mY − mH , Λ is the chiral
symmetry-breaking scale and chosen as Λ = 1GeV [22], the hadronic coupling constants gHH ,
gSH , gTH , gXH , gXS , gXT = k
T
1 + k
T
2 , gYH = k
H
1 + k
H
2 , gY S = k
S
1 + k
S
2 and gY T depend on the
radial quantum numbers of the heavy mesons, and can be fitted to the experimental data, if they
are available. The heavy meson chiral Lagrangians LHH , LSH , LTH , LXH and LY H are taken
from Ref.[29], the LXS , LXT , LY S and LY T are constructed accordingly in this article. The flavor
and spin violation corrections of order O(1/mQ) are neglected, we expect that the corrections are
not larger than (or as large as) the leading order contributions.
From the heavy meson chiral Lagrangians LHH , LSH , LTH , LXH , LXS , LXT , LY H , LY S ,
LY T , we can obtain the widths Γ of the two-body strong decays to the light pseudoscalar mesons,
Γ =
1
2J + 1
∑ pf
8πM2i
|A|2 ,
pf =
√
(M2i − (Mf +mP)
2)(M2i − (Mf −mP)
2)
2Mi
, (4)
where the A denotes the scattering amplitudes, the i and f denote the initial and final state heavy
mesons, respectively, the J is the total angular momentum of the initial heavy meson, the
∑
denotes the summation of all the polarization vectors, and the P denotes the light pseudoscalar
mesons.
Now we write down the explicit expressions of the decay widths Γ in different channels. There
are 53 expressions, 14 expressions are originally obtained in previous works by other authors
[21, 23, 30], while 39 expressions are obtained in this article.
• (0−, 1−) 1
2
→ (0−, 1−) 1
2
+ P ,
Γ(1− → 1−) = CP
g2HHMfp
3
f
3πf2πMi
, (5)
Γ(1− → 0−) = CP
g2HHMfp
3
f
6πf2πMi
, (6)
Γ(0− → 1−) = CP
g2HHMfp
3
f
2πf2πMi
, (7)
which take place through relative P-wave, the experimental candidates are B(5970)0(2S)→ B+π−,
B(5970)+(2S)→ B0π+ [7]. The three expressions differ from that obtained in early works by some
factors [30], while they are consistent with that obtained in Ref.[21], as the same conventions are
taken in the present work and in Refs.[19, 20, 21, 22, 23, 24, 25].
• (0+, 1+) 1
2
→ (0−, 1−) 1
2
+ P ,
Γ(1+ → 1−) = CP
g2SHMf
(
p2f +m
2
P
)
pf
2πf2πMi
, (8)
Γ(0+ → 0−) = CP
g2SHMf
(
p2f +m
2
P
)
pf
2πf2πMi
, (9)
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which take place through relative S-wave, the 1P (0+, 1+) 1
2
states are expected to be broad, no
experimental candidate exists at present time. The two expressions differ from that obtained in
early works by some factors [30], while they are consistent with that in Ref.[21].
• (0−, 1−) 1
2
→ (0+, 1+) 1
2
+ P ,
Γ(1− → 1+) = CP
g2SHMf
(
p2f +m
2
P
)
pf
2πf2πMi
, (10)
Γ(0− → 0+) = CP
g2SHMf
(
p2f +m
2
P
)
pf
2πf2πMi
, (11)
which take place through relative S-wave, no experimental candidate exists at present time.
• (1+, 2+) 3
2
→ (0−, 1−) 1
2
+ P ,
Γ(2+ → 1−) = CP
2g2THMfp
5
f
5πf2πΛ
2Mi
, (12)
Γ(2+ → 0−) = CP
4g2THMfp
5
f
15πf2πΛ
2Mi
, (13)
Γ(1+ → 1−) = CP
2g2THMfp
5
f
3πf2πΛ
2Mi
, (14)
which take place through relative D-wave, the experimental candidates are B1(5721)
0(1P) →
B∗+π−, B2(5747)
0(1P)→ B∗+π−, B+π− [2, 3], Bs1(5830)
0(1P)→ B∗+K− [4, 5, 6], B∗s2(5840)
0(1P)→
B+K− [4, 5, 6], B∗s2(5840)
0(1P) → B∗+K− [6]. The three expressions differ from that obtained
in early works by some factors [30], while they are consistent with that in Ref.[21].
• (0−, 1−) 1
2
→ (1+, 2+) 3
2
+ P ,
Γ(1− → 2+) = CP
2g2THMfp
5
f
3πf2πΛ
2Mi
, (15)
Γ(1− → 1+) = CP
2g2THMfp
5
f
3πf2πΛ
2Mi
, (16)
Γ(0− → 2+) = CP
4g2THMfp
5
f
3πf2πΛ
2Mi
, (17)
which take place through relative D-wave, no experimental candidate exists at present time. The
phase-spaces of the decays B(5970)0(2S) → B+1 π
−, B∗+2 π
−, B(5970)+(2S) → B01π
+, B∗02 π
+ are
very small.
• (1−, 2−) 3
2
→ (0−, 1−) 1
2
+ P ,
Γ(2− → 1−) = CP
2g2XHMf
(
p2f +m
2
P
)
p3f
3πf2πΛ
2Mi
, (18)
Γ(1− → 1−) = CP
2g2XHMf
(
p2f +m
2
P
)
p3f
9πf2πΛ
2Mi
, (19)
Γ(1− → 0−) = CP
4g2XHMf
(
p2f +m
2
P
)
p3f
9πf2πΛ
2Mi
, (20)
which take place through relative P-wave, the experimental candidates are B(5970)0(1D)→ B+π−,
B(5970)+(1D)→ B0π+ [7]. The three expressions are consistent with that originally obtained in
Ref.[21].
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• (0−, 1−) 1
2
→ (1−, 2−) 3
2
+ P ,
Γ(1− → 2−) = CP
10g2XHMf
(
p2f +m
2
P
)
p3f
9πf2πΛ
2Mi
, (21)
Γ(1− → 1−) = CP
2g2XHMf
(
p2f +m
2
P
)
p3f
9πf2πΛ
2Mi
, (22)
Γ(0− → 1−) = CP
4g2XHMf
(
p2f +m
2
P
)
p3f
3πf2πΛ
2Mi
, (23)
which take place through relative P-wave, no experimental candidate exists at present time.
• (1−, 2−) 3
2
→ (0+, 1+) 1
2
+ P ,
Γ(2− → 1+) = CP
2g2XSMfp
5
f
5πf2πΛ
2Mi
, (24)
Γ(2− → 0+) = CP
4g2XSMfp
5
f
15πf2πΛ
2Mi
, (25)
Γ(1− → 1+) = CP
2g2XSMfp
5
f
3πf2πΛ
2Mi
, (26)
which take place through relative D-wave, no experimental candidate exists at present time.
• (0+, 1+) 1
2
→ (1−, 2−) 3
2
+ P ,
Γ(1+ → 2−) = CP
2g2XSMfp
5
f
3πf2πΛ
2Mi
, (27)
Γ(1+ → 1−) = CP
2g2XSMfp
5
f
3πf2πΛ
2Mi
, (28)
Γ(0+ → 2−) = CP
4g2XSMfp
5
f
3πf2πΛ
2Mi
, (29)
which take place through relative D-wave, no experimental candidate exists at present time.
• (1−, 2−) 3
2
→ (1+, 2+) 3
2
+ P ,
Γ(2− → 2+) = CP
17g2XTMf
(
p2f +m
2
P
)
p5f
45πf2πΛ
4Mi
, (30)
Γ(2− → 1+) = CP
g2XTMf
(
p2f +m
2
P
)
p5f
15πf2πΛ
4Mi
, (31)
Γ(1− → 2+) = CP
g2XTMf
(
p2f +m
2
P
)
p5f
9πf2πΛ
4Mi
, (32)
Γ(1− → 1+) = CP
g2XTMf
(
p2f +m
2
P
)
p5f
3πf2πΛ
4Mi
, (33)
which take place through relative D-wave, no experimental candidate exists at present time. The
phase-spaces of the decays B(5970)0(1D) → B+1 π
−, B∗+2 π
−, B(5970)+(1D) → B01π
+, B∗02 π
+ are
very small.
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• (1+, 2+) 3
2
→ (1−, 2−) 3
2
+ P ,
Γ(2+ → 2−) = CP
17g2XTMf
(
p2f +m
2
P
)
p5f
45πf2πΛ
4Mi
, (34)
Γ(2+ → 1−) = CP
g2XTMf
(
p2f +m
2
P
)
p5f
15πf2πΛ
4Mi
, (35)
Γ(1+ → 2−) = CP
g2XTMf
(
p2f +m
2
P
)
p5f
9πf2πΛ
4Mi
, (36)
Γ(1+ → 1−) = CP
g2XTMf
(
p2f +m
2
P
)
p5f
3πf2πΛ
4Mi
, (37)
which take place through relative D-wave, no experimental candidate exists at present time.
• (2−, 3−) 5
2
→ (0−, 1−) 1
2
+ P ,
Γ(3− → 1−) = CP
16g2YHMfp
7
f
105πf2πΛ
4Mi
, (38)
Γ(3− → 0−) = CP
4g2YHMfp
7
f
35πf2πΛ
4Mi
, (39)
Γ(2− → 1−) = CP
4g2YHMfp
7
f
15πf2πΛ
4Mi
, (40)
which take place through relative F-wave, the experimental candidates are B(5970)0(1D)→ B+π−,
B(5970)+(1D)→ B0π+ [7]. The three expressions are consistent with that originally obtained in
Refs.[21, 23].
• (0−, 1−) 1
2
→ (2−, 3−) 5
2
+ P ,
Γ(1− → 3−) = CP
16g2YHMfp
7
f
45πf2πΛ
4Mi
, (41)
Γ(1− → 2−) = CP
4g2YHMfp
7
f
9πf2πΛ
4Mi
, (42)
Γ(0− → 3−) = CP
4g2YHMfp
7
f
5πf2πΛ
4Mi
, (43)
which take place through relative F-wave, no experimental candidate exists at present time.
• (2−, 3−) 5
2
→ (0+, 1+) 1
2
+ P ,
Γ(3− → 1+) = CP
4g2Y SMf
(
p2f +m
2
P
)
p5f
15πf2πΛ
4Mi
, (44)
Γ(2− → 1+) = CP
8g2Y SMf
(
p2f +m
2
P
)
p5f
75πf2πΛ
4Mi
, (45)
Γ(2− → 0+) = CP
4g2Y SMf
(
p2f +m
2
P
)
p5f
25πf2πΛ
4Mi
, (46)
which take place through relative D-wave, no experimental candidate exists at present time.
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• (0+, 1+) 1
2
→ (2−, 3−) 5
2
+ P ,
Γ(1+ → 3−) = CP
28g2Y SMf
(
p2f +m
2
P
)
p5f
45πf2πΛ
4Mi
, (47)
Γ(1+ → 2−) = CP
8g2Y SMf
(
p2f +m
2
P
)
p5f
45πf2πΛ
4Mi
, (48)
Γ(0+ → 2−) = CP
4g2Y SMf
(
p2f +m
2
P
)
p5f
5πf2πΛ
4Mi
, (49)
which take place through relative D-wave, no experimental candidate exists at present time.
• (2−, 3−) 5
2
→ (1+, 2+) 3
2
+ P ,
Γ(3− → 2+) = CP
4g2Y TMfp
5
f
15πf2πΛ
2Mi
, (50)
Γ(3− → 1+) = CP
2g2Y TMfp
5
f
45πf2πΛ
2Mi
, (51)
Γ(2− → 2+) = CP
7g2Y TMfp
5
f
75πf2πΛ
2Mi
, (52)
Γ(2− → 1+) = CP
49g2Y TMfp
5
f
225πf2πΛ
2Mi
, (53)
which take place through relative D-wave, no experimental candidate exists at present time. The
phase-spaces of the decays B(5970)0(1D) → B+1 π
−, B∗+2 π
−, B(5970)+(1D) → B01π
+, B∗02 π
+ are
very small.
• (1+, 2+) 3
2
→ (2−, 3−) 5
2
+ P ,
Γ(2+ → 3−) = CP
28g2Y TMfp
5
f
75πf2πΛ
2Mi
, (54)
Γ(2+ → 2−) = CP
7g2Y TMfp
5
f
75πf2πΛ
2Mi
, (55)
Γ(1+ → 3−) = CP
14g2Y TMfp
5
f
135πf2πΛ
2Mi
, (56)
Γ(1+ → 2−) = CP
49g2Y TMfp
5
f
135πf2πΛ
2Mi
, (57)
which take place through relative D-wave, no experimental candidate exists at present time.
The coefficients Cπ± = CK± = CK0 = CK¯0 = 1, Cπ0 =
1
2 and Cη =
1
6 or
2
3 ; the values Cη =
1
6
and 23 correspond to the initial states bu¯ (or bd¯) and bs¯ states, respectively. There are minor errors
in Ref.[20], the numerical values of the decay widths concerning the final state η in Table 4-7 should
be divided by 4, as the coefficient Cη =
2
3 in stead of Cη =
1
6 is taken in Ref.[20].
3 Numerical Results and Discussions
The input parameters are taken asMπ+ = 139.57MeV,Mπ0 = 134.9766MeV,MK+ = 493.677MeV,
MK0 = 497.614MeV, Mη = 547.853MeV, MB+ = 5.27925GeV, MB0 = 5.27955GeV, MB∗ =
5.3252GeV, MB1(5721) = 5.7235GeV, MB2(5747) = 5.743GeV, MBs = 5.3667GeV, MB∗s =
8
5.4158GeV, MBs1(5830) = 5.8287GeV, MBs2(5840) = 5.83996GeV [17], and MB(5970) = 5978MeV
[7].
The numerical values of the decay widths of the bottom mesons B1(5721), B2(2650), Bs1(5830),
Bs2(5840), B(5970) are presented in Table 2, where we retain the strong coupling constants gHH ,
gTH , gXH , gY H , gXT and gY T .
The values ΓB∗2 =
(
22.7+3.8−3.2
+3.2
−10.2
)
MeV and ΓB∗
s2
= (1.56± 0.13± 0.47) MeV listed in the
Review of Particle Physics are taken from the experimental data of the CDF collaboration [3] and
LHCb collaboration [6], respectively. Recently, the CDF collaboration measured all the widths of
the B01 , B
∗0
2 , B
+
1 , B
∗+
2 , Bs1 and B
∗
s2 for the first time [7]. We can saturate the widths of the B
0
1 ,
B∗02 , Bs1, B
∗
s2 with the two-body strong decays and confront the decay widths in Table 2 with the
experimental data,
ΓB1(5721)0 = 0.10683 g
2
THGeV = (20± 2± 5)MeV [7] , (58)
ΓB2(5747)0 = 0.17870 g
2
THGeV = (26± 3± 3)MeV [7] , (59)
ΓBs1(5830) = 0.00011 g
2
THGeV = (0.7± 0.3± 0.3)MeV [7] , (60)
ΓBs2(5840) = 0.00929 g
2
THGeV = (2.0± 0.4± 0.2)MeV [7] , (61)
to obtain the hadronic coupling constant gTH ,
gTH = 0.433± 0.058 from ΓB1(5721)0 , (62)
gTH = 0.381± 0.031 from ΓB2(5747)0 , (63)
gTH = 0.464± 0.052 from ΓBs2(5840) , (64)
where we neglect the large value gTH = 2.52 from the small decay width ΓBs1(5830), the strong
decays of the Bs1(5830) are greatly depressed in the phase-space. The average value is
gTH = 0.43± 0.05 , (65)
which is consistent with the value h′ = 0.43 ± 0.01 extracted from the decays of the charmed
mesons [21]. The heavy quark symmetry works well, a universal hadronic coupling constant gTH
(or h′) exists. We extract the hadronic coupling constant gTH in the bottom sector for the first
time.
The B(5970) have three possible assignments: the 2S 1−, 1D 1− and 1D3− states, the cor-
responding two-body strong decays are quite different, the numerical values of the decay widths
are shown explicitly in Table 2. From Table 2, we can obtain the ratios among the partial decay
widths so as to identify the B(5970) by confronting them with the experimental data in the future,
as the hadronic coupling constants are canceled out. Again, we can saturate the widths with the
two-body strong decays to the S-wave ground mesons, as the decays to the P-wave mesons are
greatly depressed in the phase-space, and confront the widths with the experimental data from the
CDF collaboration [7],
ΓB(5970)0(2S 1
−) = 3.21730 g2HH GeV = (70± 18± 31)MeV [7] , (66)
ΓB(5970)0(1D1
−) = 1.93262 g2XHGeV = (70± 18± 31)MeV [7] , (67)
ΓB(5970)0(1D3
−) = 0.24541 g2YH GeV = (70± 18± 31)MeV [7] , (68)
to obtain the hadronic coupling constants,
gHH = 0.148± 0.038 , (69)
gXH = 0.190± 0.049 , (70)
gY H = 0.534± 0.137 . (71)
We can take those hadronic coupling constants as basic input parameters and calculate the partial
decay widths. The numerical values of the partial decay widths are shown explicitly in Table 3,
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nL sℓ J
P Decay channels Widths [GeV] Decay channels Widths [GeV]
B1(5721) 1P
3
2 1
+ B∗+π− 0.07068 g2TH
B∗0π0 0.03615 g2TH
B∗2 (5747) 1P
3
2 2
+ B∗+π− 0.05495 g2TH B
+π− 0.06353 g2TH
B∗0π0 0.02804 g2TH B
0π0 0.03218 g2TH
Bs1(5830) 1P
3
2 1
+ B∗+K− 0.00009 g2TH
B∗0K¯0 0.00002 g2TH
B∗s2(5840) 1P
3
2 2
+ B∗+K− 0.00036 g2TH B
+K− 0.00469 g2TH
B∗0K¯0 0.00022 g2TH B
0K¯0 0.00402 g2TH
B(5970) 2S 12 1
− B∗+π− 1.22526 g2HH B
+π− 0.74252 g2HH
B∗sK
0 0.08790 g2HH BsK
0 0.10746 g2HH
B∗0π0 0.61549 g2HH B
0π0 0.37232 g2HH
B∗0η 0.03510 g2HH B
0η 0.03125 g2HH
B∗+2 π
− 0.00264 g2TH B
+
1 π
− 0.00471 g2TH
B∗02 π
0 0.00144 g2TH B
0
1π
0 0.00252 g2TH
B(5970) 1D 32 1
− B∗+π− 0.31277 g2XH B
+π− 0.86132 g2XH
B∗sK
0 0.01815 g2XH BsK
0 0.10342 g2XH
B∗0π0 0.15706 g2XH B
0π0 0.43140 g2XH
B∗0η 0.00965 g2XH B
0η 0.03885 g2XH
B∗+2 π
− 0.00002 g2XT B
+
1 π
− 0.00015 g2XT
B∗02 π
0 0.00001 g2XT B
0
1π
0 0.00008 g2XT
B(5970) 1D 52 3
− B∗+π− 0.07398 g2YH B
+π− 0.08791 g2YH
B∗sK
0 0.00015 g2YH BsK
0 0.00095 g2YH
B∗0π0 0.03739 g2YH B
0π0 0.04424 g2YH
B∗0η 0.00020 g2YH B
0η 0.00059 g2YH
B∗+2 π
− 0.00106 g2YT B
+
1 π
− 0.00031 g2YT
B∗02 π
0 0.00058 g2YT B
0
1π
0 0.00017 g2YT
Table 2: The strong decay widths of the bottom mesons B1(5721), B2(5747), Bs1(5830), Bs2(5840)
and B(5970).
which can be directly confronted with the experimental data from the LHCb, CDF, D0 and KEK-B
collaborations in the future to identify the B(5970).
We can also study the decays to the light vector mesons V besides the pseudoscalar mesons
P with the replacement Vµ → Vµ + Vµ, and introduce additional phenomenological Lagrangians
[30], therefore additional unknown coupling constants. The decays to the vector mesons V are
depressed in the phase-space compared to the light pseudoscalar mesons, we prefer to study those
decays when the experimental data are accumulated. On the other hand, we can also study those
strong decays with the chiral quark models [31].
The heavy-light mesons listed in the Review of Particle Physics can be classified into the spin
doublets in the heavy quark limit, such as
the 1S (0−, 1−) 1
2
doublets (B,B∗), (D,D∗), (Bs, B
∗
s ), (Ds, D
∗
s);
the 1P (0+, 1+) 1
2
doublets (D∗0(2400), D1(2430)), (D
∗
s0(2317), Ds1(2460));
the 1P (1+, 2+) 3
2
doublets (B1(5721), B
∗
2(5747)), (D1(2420), D
∗
2(2460)), (Bs1(5830), B
∗
s2(5840)),
(Ds1(2536), D
∗
s2(2573)) [17];
the 1D (1−, 2−) 3
2
doublets (D∗J (2760/2760), DJ(2740/2750)) [20], (B(5970), · · · · · · );
the 1D (2−, 3−) 5
2
doublets (DJ (2740/2750), D
∗
J(2760/2760)) [20], (· · · · · · , DsJ(2860)) [23],
(· · · · · · , B(5970));
the 2S (0−, 1−) 1
2
doublets (DJ (2580/2550), D
∗
J(2650/2600)) [19, 20], (· · · · · · , D
∗
s1(2700)) [24],
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nL sℓ J
P Decay channels Widths [MeV] Decay channels Widths [MeV]
B(5970) 2S 12 1
− B∗+π− 26.8± 13.8 B+π− 16.3± 8.4
B∗sK
0 1.9± 1.0 BsK
0 2.4± 1.2
B∗0π0 13.5± 6.9 B0π0 8.2± 4.2
B∗0η 0.8± 0.4 B0η 0.7± 0.4
B(5970) 1D 32 1
− B∗+π− 11.3± 5.8 B+π− 31.1± 16.0
B∗sK
0 0.7± 0.3 BsK
0 3.7± 1.9
B∗0π0 5.7± 2.9 B0π0 15.6± 8.0
B∗0η 0.3± 0.2 B0η 1.4± 0.7
B(5970) 1D 52 3
− B∗+π− 21.1± 10.8 B+π− 25.1± 12.9
B∗sK
0 < 0.1 BsK
0 0.3± 0.1
B∗0π0 10.7± 5.5 B0π0 12.6± 6.5
B∗0η < 0.1 B0η 0.2± 0.1
Table 3: The strong decay widths of the bottom mesons B(5970) with three possible assignments.
(· · · · · · , B(5970));
the 2P (0+, 1+) 1
2
doublet (· · · · · · , DsJ (3040)) [25];
the 2P (1+, 2+) 3
2
doublets (DsJ(3040), · · · · · · ) [25].
The spin doublets are far from complete, but we expect a complete spectrum of the heavy mesons
will be available from the experimental data of the LHCb, CDF, D0 and Belle-II collaborations
in the futures. In this article, we obtain a large number of simple expressions for the Okubo-
Zweig-Iizuka allowed two-body strong decays, and we can use those simple expressions to calculate
the partial decay widths of the pseudoscalar meson transitions among the spin doublets in a few
minutes.
The mass is a fundamental parameter in describing a hadron (or a meson), however, a hadron
(or a meson) cannot be identified unambiguously by the mass alone, furthermore, the heavy-light
meson masses from different theoretical approaches differ from each other in one way or another,
and vary in a rather large range [8, 9, 10, 11, 12, 13, 14, 15], we have to resort to the productions
and decays to identify the special meson. We can calculate the partial decay widths in different
channels using the simple expressions obtained in this article, then calculate the ratios among
diffident channels and confront them with the experimental data to identify the heavy mesons in
the futures. On the other hand, we can obtain the hadronic coupling constants gHH , gSH , gTH , · · ·
from both the charm sector and bottom sector, and examine the heavy quark symmetry. Once the
hadronic coupling constants gHH , gSH , gTH , · · · are determined unambiguously, we can take them
as basic input parameters and perform phenomenological analysis. For example, if the B(5970) is
the 2S 1− bq¯ state, then the hadronic coupling constant gHH = 0.148± 0.038, we can take it as the
basic input parameter to calculate the strong decay widths (also the ratios among the strong decay
widths) of the partners 2S 1− bs¯ state and 2S 0− bq¯, bs¯ states, which are expected to be observed
by the LHCb, CDF, D0 and Belle-II collaborations in the futures.
4 Conclusion
In this article, we study the two-body strong decays of the bottom mesons with the heavy meson
effective theory in the leading order approximation, and obtain all the analytical expressions of the
widths among the S-wave, P-wave and D-wave bottom mesons. As an application, we tentatively
assign the bottom mesons B(5970) as the 2S 1−, 1D 1− and 1D3− states, calculate the decay
widths of the B1(5721), B2(5747), Bs1(5830), Bs2(5840) and B(5970), and obtain the hadronic
coupling constants by comparing them to the experimental data and make predications of the
11
decay widths, which can be confronted with the experimental data from the LHCb, CDF, D0 and
KEK-B collaborations in the future to identify the B(5970).
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